Electron thermal conduction plays an important role in inertial confinement fusion (ICF): 1 it transports the laser energy absorbed near the critical surface into the overdense region and therefore directly affects the ablation process, the laser absorption, and implosion dynamics. The flux-limited Spitzer-Härm (SH) model 2 has been widely used to calculate the electron thermal conduction. In this model, the flux limiter f (typical value is 0.06) 3 is introduced to limit the SH electron thermal flux 4 and is given by 
where q e is the electron thermal flux, q FS is the free-streaming thermal flux defined as q n T T m e e e e FS = ( ) 1 2 , n e is the electron number density, T e is the electron temperature in energy units, m e is the electron mass, and f is the flux limiter, respectively; q SH is the SH electron thermal flux. 4 Because the flux limiter is empirically determined from the comparison between the numerical simulations and the experimental results, 5 it depends on the experimental conditions and the experimental uncertainties.
More-general approaches to calculating the electron thermal transport include a Monte Carlo method 6 and solving the Fokker-Planck (FP) equation. Many authors have reported that nonlocal electron thermal conduction is important, leading to a flux inhibition in laser-produced plasmas. [7] [8] [9] [10] [11] [12] This article shows that the flux inhibition is time dependent for square pulses, which affects CH target implosions.
When the mean free path of the electrons is greater than the typical temperature and gradient scale lengths in the plasma, the transport is nonlocal. To calculate the nonlocal thermal
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in Direct-Drive Laser Implosions conduction and to study its effect on the target implosions, a FP code was developed and combined with a one-dimensional hydrodynamic code (LILAC 13 ). In our code, the electron velocity distribution function is expanded up to the l = 3 mode by Legendre polynomials of the direction cosines of the velocity vectors: 14 Zeroth order:
First order:
Second order:
where f 0 , f 1 , f 2 , and f 3 are the l = 0 (isotropic part), 1, 2, and 3 modes of the distribution function, respectively. For the closure of these coupled equations, we use the simplified f 3 equation without the correction terms for hydrodynamic motion and nonplanar geometry; f 3 is reset to 0 at the beginning of every time step because f 3 << f 2 but Df 3 π 0.
In the above equations, C ee is the electron-electron collision operator, 15 which is determined from the interaction of f 0 with itself only; n ei is the electron-ion collision frequency 12 given by
n Z e m e e * ln , L v which effectively includes the corrections of higher-order terms neglected in the electron-electron collision operator,
The effective charge Z * is defined by Z Z Z i.e., S 0 = d(f M ), due to changes in the electron density and temperature from ionization, radiation transport, laser absorption, and PdV work calculated by the hydrodynamic code before the FP calculation. The friction term h limits the temperature change due to the thermal conduction according to the real gas heat capacity per electron c ve . For a real gas, h is given by h = 
normalized by the free-streaming thermal flux at the critical surface, q FS . The ratio q FP /q FS can be defined as the fluxinhibition factor f if q FP is assumed to be q e , the "actual" flux when fq FS £ q SH in Eq. (1). We observe that f increases until 400 ps and then decreases with time. This shows the time dependence of the flux-inhibition factor in an ICF implosion. This time dependence of the flux inhibition is explained by the properties of the SH model and the nonlocal nature of the transport.
For the first explanation, we consider the time dependence of the relation between q FS and q SH , described by the SH model. At the critical surface q FS is a function of the electron temperature only, and q SH is written in terms of l 0 /L T and the free-streaming flux as q L q Figure 90 .24(b) shows l 0 /L T and electron thermal fluxes q FS , q SH , and q FP at the critical surface. l 0 /L T increases during the rise time of the laser pulse when T e increases rapidly. It then decreases as L T increases faster than l 0 after 400 ps, at which time the constant laser pulse starts.
Also, q FS increases gradually with time in Fig. 90 .24(b) as the electron temperature increases gradually. This leads to q SH being almost constant after 400 ps since the increase in q FS and the decrease in l 0 /L T cancel each other in contributing to q SH .
The relation between q SH and q FP is determined by the nonlocal transport. As seen in Fig. 90.24(b) , the FP flux has a trend similar to that of the SH flux: the ratio q FP /q SH stays between 0.5 and 0.6 during the constant laser power. Yet, during that time, because l 0 /L T decreases with time, we would expect the flux to be less constrained. The fact that the ratio q FP /q SH stays constant indicates that flux inhibition from the SH flux due to the nonlocality of the electron transport increases with time. For this model, f is 0.15.
The validity of our Fokker-Planck calculation is checked by comparing the calculated neutron burn history with both experimental results and results of the flux-limited SH model. The experiments were performed on the 60-beam OMEGA laser system 17 with the best smoothing conditions. 18 The neutron burn history was measured with the neutron temporal detector, which has a temporal accuracy of ±50 ps. 19 All the calculations were carried out with the real laser pulse and target conditions. In Fig. 90.25(a) , we show three neutron rates calculated by FP and by SH with flux limiters of 0.07 and 0.06. These results are for 15-atm-D 2 gas pressure and 20-mm shell thickness irradiated by a 1-ns-duration square pulse. The results of both FP and SH with a flux limiter of 0.07 show good agreement with the experimental result. The results shown in Fig. 90.25(b) for a fuel gas pressure of 3 atm also agree well with the experimental result for a flux limiter of 0.07. The difference in amplitude between the theoretical and experimental observed rate of neutron production or the reduced burn history is believed to be caused by the shell-fuel mix during the deceleration phase due to the Rayleigh-Taylor (RT) instability. 18 Next, we show the effects of the time dependence of the flux-inhibition factor on the absorption and the stability of the shell during the implosion. Due to the larger flux-inhibition factor early in the pulse, FP gives a larger thermal flux than SH with a flux limiter of 0.07, as shown in Fig. 90.24(a) , resulting in a larger electron-density scale length, L n n x n e e = ∂ ∂ ( ), at the critical surface as seen in Fig. 90 .26, where we also show that FP and SH with f = 0.07 give almost the same electron temperature T e at the critical surface. The larger density scale length of FP at the critical surface early in the pulse gives rise to a larger absorption fraction by inverse bremsstrahlung than in the SH case as shown in Fig. 90 .27, where we plot the temporal evolution of the laser absorption calculated by FP and by SH with flux limiters of 0.07 and 0.06. The laser absorption for FP is larger early in the pulse, while later in the pulse, FP gives a lower laser absorption than SH with a flux limiter f of 0.07. The total absorption fraction is 0.83 for FP and 0.76 and 0.68 for SH with f of 0.07 and 0.06, respectively. FP gives a larger laser absorption fraction than that of the SH with 0.07 and 0.06 by about 7% and 15%, respectively.
The effect of the FP transport on the growth of the RT instability during the acceleration phase was investigated using the Betti-Goncharov formula. 20 In the acceleration phase, the averaged ablation density r a and the averaged mass ablation rate ṁ are 3.3 g/cm 3 and 1.35 ¥ 10 6 g/cm 2 s for FP and 3.9 g/cm 3 and 1.53 ¥ 10 6 g/cm 2 s for SH with a flux limiter of 0.07, respectively. Here, FP gives r a and ṁ about 15% lower than that for SH. The averaged minimum density-gradient scale length L m is 1.47 mm for FP and 1.06 mm for SH. This larger L m in FP leads to stabilization of the growth of the RT instability of short-wavelength perturbations during the acceleration phase. The obtained a and b in the Betti-Goncharov formula 20 are 0.90 and 1.5, which are almost the same for both FP and SH.
Conclusion
Flux inhibition for square-pulse CH implosions has been shown to be time dependent. The thermal flux at the critical surface early in the pulse in the FP simulation is larger than in the flux-limited SH with a flux limiter equivalent to the averaged value calculated from the FP calculation. This was confirmed by comparing the neutron burn history from FP simulations with the experimental measurements for different fuel gas pressure and laser pulse durations. A larger flux limiter is required in simulations of implosions driven by shorter-duration pulses. The increase in the density scale length at the critical surface increases the laser absorption. The longer scale length at the ablation region also leads to a slight stabilization of the Rayleigh-Taylor growth by short-wavelength perturbations. 
